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Differentially enriched pathways were defined as the number of genes >10 and FDR adjusted p value 1 4 2 < 0.05 as described previously [40] . We obtained single-cell transcriptome data of human T cells from GEO database, including 12 1 4 7 patients from CRC, 6 patients from HCC and 14 patients from NSCLC. For CD8+ T cells, low-quality 1 4 8 cells were filtered out, remaining 2967, 1214, 2053 cells, respectively (Table 1 ). We noticed that the 1 4 9 cells in NSCLC were filtered out more than half. regulation of the exhaustion markers. However, the mechanisms of T cell exhaustion regulated by JUN 3 3 8 needed further study. In addition, SAMSN1 is an immunoinhibitory adaptor and the knockdown of 3 3 9 SAMSN1 can enhance the adaptive immunity in mice [73] . In the comparison of the common DEGs 3 4 0 between pre_exhausted or exhausted and effector cells, SAMSN1 showed greater upregulation in the 3 4 1 exhausted cells and was associated with poor prognosis in HCC and NSCLC based on TCGA data. The 3 4 2 expression of SAMSN1 increased in B cells once stimulated by IL-4 through both PI3k/PKC/NF-κB 3 4 3 and STAT6 pathway [74, 75] . SAMSN1 might be associated with T cell exhaustion according to our results, 3 4 4 however, further study is needed to explore the exact relationship between SAMSN1 and T cell 3 4 5 exhaustion.
4 6
By integrating above previous researches and our results, we summarized the key genes related to 3 4 7
T cell exhaustion in Figure 4 , including the upregulated genes of CD69, PDCD1, HAVCR2, TIGIT, 3 4 8 17 TOX and JUN, as well as a downregulated gene S1PR1. The more specific mechanisms needed to be 3 4 9 explored in the future study.
3 5 0
In the further classification of exhausted cluster to explore the heterogeneity, we found that each 3 5 1 patient tended to have one exhausted sub-cluster. Although the sub-clusters of each cancer may be 3 5 2 regulated by different hub genes, we found that these sub-clusters were dysregulated in the 3 5 3 cytokine-cytokine receptor interaction. Different kinds of cytokine played various and complex effects 3 5 4 on T cells, for instance, the decreased expression of effector cytokines such as IL-2 and TNF-α as well 3 5 5
as the increased expression of inhibitory cytokines such as IL-10 and TGF-β were reported to be 3 5 6
associated with T cell exhaustion [76] . Additionally, the upregulation of pathways in cancer was 3 5 7 consistent with the immune evasion of tumor caused by T cell exhaustion [77] . What's more, there were 3 5 8 two downregulated pathways including natural killer cell mediated cytotoxicity and ribosome. There is 3 5 9 a reciprocal relationship between NK and T cells, and most NK cell receptors are found on T cells [78] .
3 6 0
Besides, there are similarities of NK cell and CD8+ T cell on the mechanisms of cell killing. They can 3 6 1 release cytotoxic granules to the target cell such as tumor cells, and induce programmed cell death [79] .
6 2
The dysfunctional cytotoxicity might attenuate the killing effector of CD8+ T cells on tumor cells.
6 3
Additionally, the pathway of ribosome was also downregulated. Ribosome were essential for 3 6 4 production in all living cells and regulated the cell growth and proliferation [80, 81] . During T cell 3 6 5 exhaustion, the cells were characterized by the dysfunctional activity and bioenergetic deficiencies [82] , 3 6 6 which might be related to the damaged functions of ribosome. In addition to the universal pathways, 3 6 7 there existed different pathways owing to each sub-cluster. In the CRC_S1 pathways, wnt signaling 3 6 8
pathway was upregulated in our study. It has been reported that wnt signaling pathway contributes to 3 6 9
tumor progression [83] and its blockade can improve the generation of effector cells [84] , thus the 3 7 0 18 upregulation of wnt signaling pathway might contribute to T cell exhaustion and facilitate the growth 3 7 1 of tumor; In the NSCLC_S1 pathways, the upregulated apoptosis may lead to the impaired function of 3 7 2 T cells [85] .
7 3
In the current study, we integrated three cancers and found some key genes associated with T cell 3 7 4 exhaustion, including the known markers PDCD1, HAVCR2, TIGIT, TOX. In the gene interaction 3 7 5 network, we found significant genes CD69 and JUN. Besides, we firstly identified a potential 3 7 6 exhaustion associated gene, SAMSN1, which enriched in the negative regulation of immunity and 3 7 7
showed poor survival. We summarized the putative interrelated mechanisms of above key genes 3 7 8 identified in this study by integrating the previous knowledge. Furthermore, we explored the 3 7 9
heterogeneous and preference of exhausted CD8+ T cells in each patient and found only one exhausted 3  6  2  (  6  4  3  4  )  :  7  5  8  -6  1  .  3  9  3   [  2  ]  C  A  T  A  K  O  V  I  C  K  ,  K  L  I  E  S  E  R  E  ,  N  E  U  R  E  I  T  E  R  D  ,  e  t  a  l  .  T  c  e  l  l  e  x  h  a  u  s  t  i  o  n  :  f  r  o  m  3  9  4   p  a  t  h  o  p  h  y  s  i  o  l  o  g  i  c  a  l  b  a  s  i  c  s  t  o  t  u  m  o  r  i  m  m  u  n  o  t  h  e  r  a  p  y  [  J  ] . ] ] e  x  p  r  e  s  s  i  o  n  i  s  a  s  s  o  c  i  a  t  e  d  w  i  t  h  t  u  m  o  r  a  n  t  i  g  e  n  -s  p  e  c  i  f  i  c  C  D  8  +  T  c  e  l  l  d  y  s  f  u  n  c  t  i  o  n  i  n  m  e  l  a  n  o  m  a  5  2  5   p  a  t  i  e  n  t  s  [  J  ] . J  E  x  p  M  e  d  ,  2  0  1  0  ,  2  0  7  (  1  0  ) : 2 1 7 5 -8 6 . 5 2 6 
